Hyperthermic radiosensitization of thermotolerant Chinese hamster ovary cells.
Synchronous G1 cells were given a priming dose of heat (45.5 degrees C for 15 min) and then heated and irradiated 6-120 h later. Compared to heat radiosensitization for cells irradiated 10 min after the priming heat dose (thermal enhancement ratio, TER of 2.6 for a 10-fold reduction in survival), heat radiosensitization 18-24 h after the priming heat dose was less (i.e., TER of 1.6 for radiation at 24 h compared with heat-radiation at 24 h). A thermotolerance ratio (TTR) at 24 h was calculated to be 2.6/1.6 = 1.6. TERs at 100-fold or 1000-fold reduction in survival and ratios of slopes of radiation survival curves also showed that the cells developed a similar amount of thermotolerance for heat radiosensitization at 18-24 h. Furthermore, since the TER for heat radiosensitization increased with heat killing either from the priming heat dose or the second heat dose in a similar manner for single or fractionated doses, the TER for nonthermotolerant and thermotolerant cells was the same when related to the heat damage (i.e., amount of killing from heat alone). When the radiation response of cells heated and irradiated 6-120 h after the priming heat dose was compared with the response of cells receiving radiation only, changes in TER as a function of time after the initial priming heat dose were shown to involve: recovery of heat damage interacting with the subsequent radiation dose, thermotolerance for heat radiosensitization, and redistribution of cells surviving the first heat dose into radioresistant phases of the cell cycle. In fact, redistribution resulted in a minimal TER at 72 h for heat-radiation compared with radiation alone, instead of at 24 h where maximal thermotolerance for heat killing was observed [P. K. Holahan and W. C. Dewey, Radiat. Res. 106, 111 (1986)]. These observations are discussed relative to clinical considerations and similar results reported from in vivo experiments.